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ABSTRACT
OBJECTIVE

Thefocus of this program isto provide insight into the formation and minimization of NOx in
multi-burner arrays, such asthose that would be found in atypical utility boiler. Most detailed studies are
performed in single-burner test facilities, and may not capture significant burner-to-burner interactions that
could influence NOx emissions.

Our approach isto investigate such interactions by a combination of single and multiple burner
experimentsin apilot-scae cod -fired test facility a the University of Utah, and by the use of computational
combustion smulationsto provide insight into the experimenta results and to evauate full-scale utility

boilers.

The program is broken into four main tasks.

1-  Fundamental studieson nitrogen relesse from coal. These studies will be used to enhance the
predictive capabilities of the combustion smulations.

2~ Comprehensivemoddling of burner arrays.

3 Rlot-scale optimization of multiburner arrays.

4 Technology transfer.

ACCOMPLISHMENTSTO DATE

Significant progress has been made on the fundamenta studies of N release from cod, assuch
understanding iskey to subsequent tasksin the program. Two different experimenta programs are underway
to obtain thisinformation: Flat Flame Burner studies at BY U under the direction of Prof. Tom FHetcher; and
drop-tube studies at the University of Utah under the direction of Prof. Addl Sarofim.

Experimental  studies of nitrogen release during secondary pyrolysis include pyrolyzing four cods
in a fla flane reactor in the BYU combugtion laboratory. Temperature, residence time and cod rank are
chosen as the test varidbles in the experiments. Experiments were mede a temperatures ranging from 1160
K to 1850 K and a residence times from 18 ms to 100 ms under fud-rich conditions (i.e, 0% post-flame
02). The four coas used are lllinois #6, Utah bituminous, Wyodak subbituminous coa, and Knife River



lignite. Elementa andyses (C, H, N, S) were made on the corresponding parent cod, tar, soot and char.
Edimation of the daf mass release was based on a tracer technique which uses relatively smal amounts of
Ti, Al and S on the char/cod pir by ICP (Inductively Coupled Plasma). An FTIR spectrometer was used
with a 10-m multi-reflection gas cel to measure gas species concentrations, including HCN, NHs, and
hydrocarbon species. About 80 experiments have been performed to date.

Andysis of the data is currently underway. The lignites exhibit HCN and NH3 rdease a low
temperatures, while the higher rank coas show no NHs at the low temperatures. As temperature increases,
the HCN and NH3 yidds both increese for al coads The low temperature HCN yidld seems to be correlated
with the yield of CpH2 (acetylene) from each cod. The nitrogen in the tar/soot decreases with increased
temperature for the range of temperatures examined. *C NMR andyses were made on certain tar/soot
samples to determine the chemicd dructure changes of tar during secondary reections.  In addition, soot
samples from two mode aromatic oompounds (bi-phenyl and pyrene) were obtained in the flat flame ractor,
and are currently being analyzed by avariety of ®*C NMR techniques.

A comprehensve literature review of the char-nitrogen conversion process alowed the
investigatorsto |dent|fy char nitrogen as an important source of NO and N2O emissonsduring low NOx cod
combustion. This review was accepted for publication in Progressin Energy and Combustion Science™.

A complementary result of the review was the identification of the difficulty of existing 3-D
modeling codes to predict the evolution of char-N during combustion. Thislead the investigators to develop
asmple modd with asingle NO formation step during char nitrogen oxidation and a first order reaction
between NO and char. Thismodd captures the main characteristics of the NO-char kinetic reactions at
pulverized coal combustion conditions; in particular, the very significant decrease in the gpparent conversion
of char nitrogen to NO with increasing ambient NO concentrations. The model was calibrated with
experimentd data obtained for char combustion for pulverized fuel in acontrolled amospherein abench
scale combustor?. Ab Initio chemistry calculations were also carried out to investigate specific pathwaysin
the char/NO interactions, to determine controlling reaction sequences and thus allow modification of the
current Sngle particle modd.

Incorporation of the mode! in aCFD code provides interesting insights on the role of char nitrogen
on NO formation in pulverized cod boilers®. Traci ng of over athousand particles as a pos-processor showed
that individua particles had an gpparent char nitrogen conversion to NO which ranged from dightly negative
to ninety percent. The average converson was in the range of ten percent, stisfyi ngly closeto values that
had been found to empiricaly fit data on aseries of codsfired in abench- scale furnace®,

Two additiond tasks have been identified in order to strengthen the current char-N model. Task
number oneinvolvesan experimentd study of thefate of char-N at pulverized cod combustion conditionsin
a controlled atmosphere. These experiments will be conducted in alaminar flow drop tube reactor that was
set up during 1999 in the combustion |aboratory at the University of Utah in order to perform this project.

The experimental study will complement previous research in the laboratory? by diminishing the infl uence of
neighboring particles on the reduction of NO. The second task will implement the single particle mode
directly into Glacier, thus dlowing a dynamic interaction of the particle model with the CFD code and
improving the postprocessor technique usad in the last publication®

During thisyear, the multi-burner firing configuration has been ingtalled on the L 1500 pilot-scae
furnace and preliminary experimenta data has been obtained. The data have highlighted some difficultiesin
obtaining flame characteristics and NOx emissions similar to those obtained with asingle burner. The pilot-

scaletesting will continue through the summer months, focusing on detailing the differences between single
and multi-burner operation and optimizing the system to achieve minimum NOx emissions.
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